In shallow estuaries, artificial substrates provide a means of assessing the response of the diatom community to water chemistry. The shallow St Lucia Estuary was historically connected to the Mfolozi River at the mouth. This connection was severed during the early 1950s due to sediment input from the agriculturally impacted Mfolozi River. A connection has recently been re-established and the potential impact of dissolved inorganic nutrients from the Mfolozi River needs to be determined, as it may alter the ecological integrity of the St Lucia Estuary which forms part of a UNESCO World Heritage Site. This study found that the epilithic algal biomass and diatom species composition grown on glass slides were good indicators of nutrient enrichment in the estuary. Over a 28-day study period an above-average rainfall event resulted in an increase of nutrient-enriched freshwater flow into the estuary. No significant biomass differences were recorded in either the natural phytoplankton or microphytobenthos communities because of high variability. By contrast, the epilithic algal biomass accumulation on the glass slides was highest following the freshwater input. Statistical analyses indicated that the accumulation of the epilithic community on the glass slides was mostly affected by DIN and salinity. Diversity index scores for both the natural phytoplankton and microphytobenthos were variable, while the epilithic diatom index scores consistently declined from Day 7 (H' = 1.2) to Day 28 (H' = 0.7). These data indicate that epilithic algae grown on glass slides can be used as an effective monitoring tool to detect nutrient-induced changes as a supplementary method in this highly variable estuary.
INTRODUCTION
Situated at the boundary between land and sea, estuaries are facing increasing environmental pressure globally, largely due to the increasing human population and subsequent intensification of industrial and agricultural activities (O'Brien et al., 2016; Lemley et al., 2017) . Anthropogenic stressors such as freshwater flow modifications, catchment land-use changes and exploitation of living resources (Bouvy et al., 2010; Van Niekerk et al., 2013) are known to impact estuarine health through changes in the biotic resource diversity and ecological functioning (O'Brien et al., 2016) . Coupled with global-scale climate change, anthropogenically induced freshwater flow modifications are becoming increasingly prevalent (Mitchell et al., 2015) . This is a matter of concern because freshwater flow is known to characterise the physical, chemical and biological condition within estuaries (Adams, 2014) .
St Lucia, the largest estuarine lake in Africa, is known for its high natural variability (Gordon et al., 2016) , consisting of a mosaic of different habitat types . Part of a UNESCO World Heritage Site and listed as a Ramsar Wetland of International Importance, the St Lucia estuarine system is a major destination for national and international eco-tourists and a regional economic centre (Whitfield and Taylor, 2009) . Characterised by cyclical climate shifts between wet and dry periods, the freshwater supply to the estuarine system is derived from direct precipitation (50%), river inflow (45%) and groundwater recharge (5%) (Taylor, 2006) . Thus, between rainfall events, river inflow and groundwater recharge are responsible for maintaining the shallow water depth (≤ 1 m depth). However, due to anthropogenic catchment land-use (e.g., commercial agriculture and forestry and the construction of water storage reservoirs), the freshwater inflow to the estuarine system has been considerably reduced which exacerbated the effects of periods of natural mouth closure and hypersalinity (Taylor, 2006) .
The reduced freshwater inflow is largely attributed to the artificial separation of the joint inlet historically shared between the Mfolozi River and the St Lucia estuarine system in the early 1950s . The artificial separation of the two systems was in response to the high river sediment load as a direct result of agricultural activities (mainly sugarcane farming) in the Mfolozi River catchment. Subsequently, during the 2002−2012 drought the loss of 90% of the estuarine water surface area, prolonged mouth closure and high salinity (> 200) were recorded because of the lack of freshwater (Carrasco et al., 2010; Perissinotto et al., 2013a; Tirok and Scharler, 2014) . For this reason, re-establishing the connection between the agriculturally-impacted Mfolozi River and St Lucia estuarine system was reviewed and initiated in July 2012 to increase the freshwater inflow to the system (Bate et al., 2011; Whitfield, 2014) . Although the St Lucia estuarine system is considered the most researched estuary in South Africa, most of these studies were conducted following the artificial separation of the joint inlet (Bate et al., 2011) .
Despite the paucity of data on the St Lucia estuarine dynamics prior to the artificial separation of the joint inlet in the 1950s, it can be anticipated that the estuary will receive an uninterrupted supply of freshwater inflow from the agriculturally impacted Mfolozi River after the reconnection. Identified as one of four key sources of pollution in South Africa, agricultural runoff is known to introduce nutrients 150 originating from abundant fertilization and increase sediment loads, because of poor catchment management, into estuaries (Van Niekerk et al., 2013) . Therefore, the nutrient input from the Mfolozi River needs to be monitored to detect any potential change in the ecological integrity of the estuary. The Mfolozi River catchment's potential for eutrophication was validated by the long-term water quality data that indicated an increased occurrence of nutrient-enriched conditions (of between 20 and 50%) .
A recent study by Nunes et al. (2017) showed the nutrientenriched nature of the Mfolozi River inflow; however, none of the expected eutrophic responses associated with anthropogenic nutrient loading (e.g., accelerated phytoplankton growth and the proliferations of harmful/toxic algal blooms) were recorded (Lemley et al., 2015; Lemley et al., 2017) . This response has also been observed in other estuaries such as the Marano and Grado Lagoon in the Mediterranean (Acquavita et al., 2015) and the Patos Lagoon in southern Brazil (Odebrecht et al., 2015) where, despite nutrient enrichment, altered water residence times inhibited net algal growth rates and biomass accumulation.
Phytoplankton and diatom communities are often used as indicators of ecosystem health because they are the major primary producers in aquatic ecosystems and are also generally the first to respond to anthropogenic disturbances (Rodriguez and Pizarro, 2015; Lemley et al., 2016) . Therefore, due to the increased freshwater inflow that led to phytoplankton biomass dilution and resuspension of benthic diatoms, the use of artificial substrates as a monitoring tool has been recommended (Nunes et al., 2017) . The benefits of using artificial substrates include standardized comparisons among sampling sites (Dela-Cruz et al., 2006) , high accuracy in the measurements (Sanchez et al., 2017) , uniformity of the surface, decreased habitat disruption (Dalu et al., 2014) and the development of a diatom community exclusively influenced by water column chemistry (Desrosiers et al., 2013) .
Since ecosystem recovery can be slow once an ecological threshold has been exceeded, it is vital to detect early signs of large-scale ecosystem shifts, and monitoring of microalgal communities is a means to do so for estuarine systems (Paerl et al., 2010; Peirson et al., 2015) . Because freshwater inflow is currently limiting the microalgal growth in the St Lucia Estuary, this study aimed to test the efficacy of using the microalgal community associated with artificial substrates to assess the changes in the water quality as a supplementary method to the more traditional approaches (i.e. phytoplankton and microphytobenthos).
MATERIALS AND METHODS

Study site
The St Lucia estuarine system is situated in the northern part of KwaZulu-Natal in the subtropical biogeographical region of South Africa, forming part of the iSimangaliso Wetland Park, a conservation area of international importance. It has four physically distinct regions consisting of three interconnected shallow lakes, i.e., False Bay, North Lake, South Lake and the Narrows. This study focused on the St Lucia Estuary which includes the area from the mouth to the lower parts of the Narrows (Fig. 1) (Perissinotto et al., 2013b) . As theft or vandalism has been identified as a key consideration for site 
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selection when deploying artificial structures for water quality monitoring (Chapman et al., 1996) , the Ezemvelo KwaZuluNatal Wildlife harbour was selected. Access to the harbour is security controlled and its proximity to the mouth ensures that any freshwater inflow from the Mfolozi River will be reflected in the ambient environmental conditions. To ensure minimal disturbance by boating or human activities, the artificial structure was deployed from the dry dock. Therefore, one site (GPS coordinates: −28.362031, 32.411242) (Fig. 1) in the lower reaches of the estuary was sampled weekly in winter from 19 July 2016 to 16 August 2016. All data collection was conducted within a 1 m radius of the deployed artificial substrata in the harbour.
Hydrodynamic and climatological data
Daily river flow data were obtained from the South African Department of Water and Sanitation's W2H032 gauge for the Mfolozi River located on the lower floodplain. Rainfall data were obtained from the South African Sugarcane Research Institute (SASRI) automated weather station situated near the estuary.
Physico-chemical and inorganic nutrient variables
Physico-chemical parameters were measured weekly at the surface and bottom of the water column using a Hanna HI98194 multiprobe. The parameters recorded included dissolved oxygen (mg•L −1 ), pH, salinity and water column temperature (°C). Water depth (m) measurements were recorded using a measuring stick and Secchi depth (m) measurements (water clarity) using a Secchi disc. Water samples (3 replicates per week) for total oxidised nitrogen (NO 3ˉ + NO 2ˉ) , ammonium (NH 4 + ) and soluble reactive phosphorus (PO 4 3-) determination were collected at the midposition of the water column. Water samples were collected using a 500 mL weighted pop-bottle. Due to the fine silt particles present in the estuary water, a 2-step filtration process was adopted. Immediately after collection the water samples were vacuum-filtered through glass-fibre filters (Whatman GF/F) and subsequently re-filtered through hydrophilic polyvinylidene difluoride (PVDF) 0.47 µm pore-size syringe filters. The filtrates were stored in 250 mL acid-washed polyethylene screw-cap bottles and frozen at -20°C until analysis. The reduced copper cadmium method as described by Bate and Heelas (1975) was used to analyse the water samples for total oxidised nitrogen. The analyses for ammonium and soluble reactive phosphorus were done using standard spectrophotometric methods (Parsons et al., 1984) . Inorganic nutrients were categorized as dissolved inorganic nitrogen (DIN = NO 3ˉ-N + NO 2ˉ-N + NH 4 + -N) and dissolved inorganic phosphorus (DIP = PO 4 3--P).
Artificial substrata
The artificial substrata used in this study were microscope glass slides (25 x 75 mm) housed in an open-sided aluminium frame (Plate 1). The artificial structure was suspended just below the water surface on a rope attached to the dry dock in the Ezemvelo KwaZulu-Natal Wildlife harbour and held in place by series of floats, ropes and weights. Slides were collected every week, at random positions, to assess the recruitment and colonisation by epilithic diatoms. The optimal colonisation time for maximum epilithic biomass development in freshwater systems is estimated at 2 to 4 weeks (Dalu et al., 2014; Casartelli et al., 2016) , while in marine systems it is estimated at 5 weeks (Desrosiers et al., 2014) . However, in a nutrient-enriched permanently open estuarine system the artificial substrata were found colonized by macroalgae before reaching the 30-day deployment period (Minne, 2003) . Considering that the St Lucia Estuary has been subjected to nutrient enrichment from the Mfolozi River inflow (Nunes et al., 2017) , the artificial substrata used in this study were deployed for a total period of 4 weeks (28 days) to avoid the development of macroalgae on the glass slides.
Primary producers
The primary producers assessed included: phytoplankton inhabiting the water column; microphytobenthos inhabiting the subtidal benthic environment and epilithon grown on the artificial substrata, i.e., glass microscope slides (Eulin and Le Cohu, 1998; Lemley et al., 2016) . Due to their good performance as ecological indicators, diatoms were selected as representative of the different primary producer communities (Elias et al., 2017) .
Microalgal biomass
Three replicates each of water samples for phytoplankton biomass, subtidal sediment samples for microphytobenthos (MPB) biomass and glass slides for epilithic biomass were collected weekly. Chlorophyll a (chl-a) was used as a proxy for phytoplankton, MPB and epilithic biomass. To determine the phytoplankton chl-a, water samples were collected at the mid-position of the water column using a 500 mL weighted pop-bottle. After collection, they were gravity filtered through Munktell MGC glass-fibre filters and then frozen until analysis. The chlorophyll a was extracted overnight in the laboratory by placing the filters into glass vials containing 10 mL of 95% ethanol (Merck 4111). For the MPB chl-a determination, subtidal sediment samples were collected using a 20 mm internal diameter corer attached to an extension pole. The top 1 cm of the sediment was scraped from each core and was stored separately in 60 mL polyethylene bottles. The sediment samples were frozen and kept in the dark before being freeze-dried in the Secfroid Lausanne Suisse freeze-drier overnight. The chlorophyll a was extracted by adding 15 mL of 95% ethanol (Merck 4111).
To determine the epilithic chl-a, the glass slides were individually scraped with a razor blade and rinsed onto separate Munktell MGC glass-fibre filters using 50 mL of filtered estuarine water. The estuarine water used was filter-sterilised using a Merck 0.2 µm nylon filter (Andersen, 2005) . The samples were frozen until analysis. The chlorophyll a was extracted in the dark for 12 h into 10 mL of 95% ethanol (Merck 4111) at 1 to 2°C.
The phytoplankton, MPB and epilithic chl-a extracts were filtered using Munktell MGC glass-fibre filters and the light absorbance of the supernatant read using a GBC UV/VIS spectrophotometer (GBC UV/VIS 916, GBC Scientific equipment (Pty) Ltd 1995) at 665 nm before and after acidification with 1−2 drops of 1 N HCl. The chl-a concentrations were determined using the spectrophotometric method described by Hilmer (1990) as derived from Nusch (1980) . The MPB and epilithic chl-a was expressed as mg•m −2 .
Diatom community composition
For diatom identification, 3 replicate samples each for the planktonic diatom community (250 mL), subtidal sediment samples for the benthic diatom community and glass slides for the epilithic diatom community were collected weekly. Both sides of the glass slides were brushed with a toothbrush (to prevent damaging the diatom valves) and the recovered material was pooled in a single storage 250 mL bottle with filter-sterilized estuarine water (Andersen, 2005) . The material from the three glass slides was pooled each week to form one composite sample. The water samples (planktonic and epilithic) were preserved with glutaraldehyde. The sediment samples were collected and processed according to the cover slip method described by Round (1981) and Bate et al. (2004) . The sample preparation process for diatom identification was performed according to the method described by Taylor et al. (2007) and Bate et al. (2013) . The diatom frustules were examined, identified and counted using a Zeiss Axioplan light microscope with differential interference contrast (DIC) optics. Using a television camera (The Imaging Source DFK 41F02), images of the dominant species were visualised using the Analysis image analysis programme (Software Imaging System GmbH, 2016) . At least one micrograph of every taxon was captured. A minimum of 400 diatom valves were counted and determined to species level (or genus level when species was not possible) using the taxonomic guides by Bate et al. (2004 ), Hartley (1996 , Lange-Bertalot (2000) , Round et al. (1990) and Taylor et al. (2007) . The dominants were those species that were clearly present in the greatest number and the sub-dominants were those that had a frequency > 10% but were not dominant in the total count. Once the diatom communities had been counted and identified, the Shannon diversity index (H'), evenness of species distribution (J'), and species richness (S) were determined for the planktonic, benthic and epilithic diatom community (Shannon and Weaver, 1949) .
Data analysis
Statistical analyses were conducted using Dell Statistica Version 13 (Dell Inc., 2016) . All analyses were done at a significance level of ∞ < 0.05. The Shapiro-Wilk' W test was used to test for normality. Data were log-transformed to satisfy normality assumptions when data were skewed. Differences in initial water column chemistry variables (salinity, water column temperature, dissolved oxygen, pH, TSS, DIN and DIP) and chl-a concentration between weeks were determined using a one-way analysis of variance (ANOVA). A post-hoc comparison of significantly different means was done using Tukey's Honest Significant Difference test. Pearson's product moment correlation coefficient formula was used to test for relationships between the water column chemistry variables and the phytoplankton, microphytobenthos and epilithic biomass.
RESULTS
Hydrodynamic and climatological data
Prior to the sampling period from 19 July 2016 to 16 August 2016, the area received only a few isolated rainfall events (Fig. 2) . However, the above-average rainfall received between Fig. 3; Plate 2) . In response to the freshwater input, the water level in the estuary increased and salinity decreased from Day 0 to Day 14 (Fig. 4) . However, in the absence of further rainfall (Fig. 2 ) the water level steadily decreased, and salinity increased from Day 14 to Day 28 (Fig. 4) .
Physico-chemical variables
Significant changes in water quality parameters (Table 1) were observed at the onset of freshwater inflow from the Mfolozi River. Temperature (p < 0.001, F = 535.2, df = 4), salinity (p < 0.01, F = 12.9, df = 4), DO (p < 0.01, F = 21.8, df = 4) and TSS (p < 0.001, F = 14.8, df = 4) differed between weeks, while pH (Table 1) and DIP (Fig. 5a ) remained consistent (p > 0.05).
The most pronounced difference was observed for DIN (Fig. 5b) . The DIN concentrations were significantly different during Day 0 and Day 7 (p < 0.001, F = 72.8, df = 4). However, 
Figure 3 Daily average flow of the Mfolozi River (W2H032) from 01/01/2016 to 30/08/2016. The shaded area indicates the study period
Plate 2 The water level in the Beach channel connecting the Mfolozi River and the St Lucia Estuary before (A -24 July 2016) and after (B -27 July 2016) an above-average rainfall event
Figure 4 Salinity and water depth (m) recorded weekly at the study site in the St Lucia Estuary for the duration of the study period 19 July to 16 August 2016
Microalgal biomass
The average phytoplankton chl-a concentrations were 5.5 ± 0.7 µg (Fig. 6) . Average benthic chl-a concentrations were 13.4 ± 9.2 mg•m −2 on Day 7, 13.4 ± 7.9 mg•m −2 on Day 14, 4.2 ± 1.1 mg•m −2 on Day 21 and 6.5 ± 1.3 mg•m −2 by Day 28 (Fig. 6) . No significant differences were observed between the weekly phytoplankton and benthic chl-a concentrations (p > 0.05). Furthermore, the correlation analyses showed no significant relationship between the phytoplankton and benthic chl-a concentrations and the physico-chemical parameters (p > 0.05).
The average epilithic chl-a concentrations were 0.5 ± 0.2 mg•m (Fig. 7) . Unlike the phytoplankton and benthic chl-a concentrations, significant differences were observed in the epilithic chl-a concentrations during the different weeks (p < 0.001, F = 24.9, df = 3). Significant differences were observed when comparing Day 7 and Day 14 to Day 21 and Day 28 (p < 0.05). There was also a significant relationship between salinity and the epilithic chl-a concentrations (r = −0.6, p < 0.05) and between DIN and the epilithic chl-a concentrations (r = 0.7, p < 0.05).
Diatom community composition
A total of 18, 23 and 20 different taxa were recorded for planktonic, benthic and epilithic diatom communities, respectively (Fig. 8 B ) . The indices scores for distribution of both the planktonic and benthic diatom communities followed the same trend, peaking on Day 21 (Fig. 8 ABC ) . By contrast, the index scores for the epilithic diatom community gradually decreased (Fig. 8 ABC ) .
The The dominant diatom species collected from the epilithic diatom community remained more consistent. C. placentula var euglypta and Synedra fasciculata were dominant on Day 7 while C. placentula var. euglypta (>70%) remained dominant throughout the remainder of the study period (Fig. 9) .
DISCUSSION
Understanding the drivers responsible for the gain or loss of microalgal diversity and biomass is important to accurately relate a certain response to a component of anthropogenically derived stress. In principle, phytoplankton growth is regulated by light, temperature and nutrient availability; while grazing, dilution/flushing, cell death and sedimentation constitute 
Figure 6
Weekly changes (mean ± SE) Dix et al., 2013) . Similar regulatory drivers apply to microphytobenthos (MPB) populations, with sediment type, organic content and particle size providing additional factors (Aktan et al., 2014) . However, although various methods centred on community structural variables (species richness, biomass, diversity and evenness indices) are accepted for detecting anthropogenic-induced change, in naturally stressed ecosystems such as estuaries, distinguishing between natural and anthropogenic factors can often be difficult (Elliot and Quintino, 2007; Tweedley et al., 2015) . For this reason, a multimetric approach incorporating both water chemistry variables and structural variables, is generally considered more accurate (Lemley et al., 2015) for extrapolating the anthropogenic signal from the background noise (Elliot and Quintino, 2007) . This study investigated the use of the epilithic algal biomass and diatom species composition on an artificial substrate, i.e., glass microscope slides as indicators of change in the St Lucia Estuary, thus minimising some of the factors that account for variation. Based on the estuarine eutrophic condition index (Lemley et al., 2015) , the St Lucia Estuary was in a mesotrophic state during the study period. This was attributed to the water chemistry variables (DIN, DIP and dissolved oxygen) and microalgal biomass variables (phytoplankton and MPB) falling within the 'Good' to 'Fair' range, while the diversity index was classified as 'Poor' (Lemley et al., 2015) . Although the St Lucia Estuary would naturally be in an oligotrophic state, higher nutrient values in the estuary are generally associated with freshwater inflow from the rivers (Perissinotto et al., 2013a) . This was especially evident during this study since the DIN concentrations at the study site increased from 8.3 µM (Day 0) to 25.4 µM (Day 14) following the freshwater inflow from the Mfolozi River. This is further evidenced by the water quality data, routinely collected in the Mfolozi River, that reported a DIN load of 40 kg N•d −1 on 12 July 2016 (prior the rainfall event) and 141 kg N •d −1 on 9 August 2016, i.e., Day 21 of this study (DWS, 2017) . This represents an approximate 3.5-fold increase in the DIN supply concomitant with the pulse event recorded during this study. The DIN supply is attributed to the
Figure 8 Comparison of the (A) diversity index scores, (B) species richness and (C) evenness of species distribution scores per diatom community per week
Figure 9 Comparison of the relative abundance of the dominant diatoms species (> 10%) recorded weekly for (A) the planktonic diatom community, (B) the benthic diatom community and (C) the epilithic diatom community.
List of dominant diatom species in 
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sugarcane farming that accounts for the largest modification of the Mfolozi catchment (Grenfell and Ellery, 2009 ). In freshwater ecosystems, an increasing availability of nutrients such as nitrate and phosphate, introduced via fertilizers or sewage, is commonly associated with eutrophication and known for influencing the productivity and community structure of primary producers (Delgado and Pardo, 2014) . For example, in the agriculturally influenced Gamtoos Estuary, South Africa, a sustained increase in river flow (high flow period) has been shown to shift the system from an oligotrophic to eutrophic state, facilitating biomass accumulation for both the phytoplankton and MPB (Lemley et al. 2017) . In contrast, results from this study showed that the phytoplankton and MPB biomass was variable because no distinct pattern was observed when compared to the growth of the epilithon on the glass slides, which showed an increase in biomass. This was despite a 2-week lag period, where phytoplankton and MPB accrual could have been expected in response to the increased nutrient availability, as highlighted by Lemley et al. (2018) . Results from a 28-day microcosm experiment in a relatively pristine estuary along the south coast of South Africa indicated that the treatment with the highest nitrate additions exhibited the highest phytoplankton and MPB biomass.
The interactions between benthic and pelagic processes are more direct in turbid, shallow waters, such as in the St Lucia Estuary. Rapid interchange between communities (i.e. resuspension) and low water residence time has previously been shown to hinder microalgal growth in the estuary in a wet phase (Nunes et al., 2017) . The lower MPB biomass observed on Day 21 in this study can therefore be assigned to reduced community stability during more turbulent hydrological conditions, i.e., elevated freshwater inflow (Snow, 2016) , coupled with wind-driven circulation . The diversity index, species richness and evenness scores for both the planktonic and benthic diatom communities had increased by Day 21. Of the dominant diatoms identified three of the four species (i.e. Diploneis smithii, Cyclotella atomus and Synedra fasciculata) were present in both the pelagic and benthic habitat indicating the influence of resuspension. Cyclotella atomus is known to be indicative of turbulent eutrophic conditions (Wang et al., 2012) , and both D. smithii and S. fasciculata are considered epipelic, i.e., benthic (Round et al., 1990; Kendrick et al., 1998) . The presence of the latter two species in the pelagic habitat are thus explained by resuspension. Therefore, while an inverse relationship between microalgal diversity and nutrient enrichment has been observed in other studies (Watt, 1998; Agatz et al., 1999; Lemley et al., 2015) , in this case, the higher planktonic and benthic index scores observed on Day 21 are most likely the result of the prevailing turbulent hydrological conditions, that hindered their effectiveness (i.e. biomass and diversity) as a bioindicator (Tirok and Scharler, 2014) .
Characterised by a sigmoidal curve, the development of a mature diatom community on artificial substrata is defined by three phases. These include: (i) colonisation, (ii) logarithmic growth phase, and (iii) the upper asymptote phase indicating equilibrium between growth and loss factors (Tilley and Haushild, 1975; Desrosiers et al. 2014) . Following a similar sigmoidal pattern, the epilithic algae on the glass slides indicated a significant increase in biomass following the nutrient-enriched freshwater inflow, reaching its maximum by Day 21, followed by an asymptotic phase. By contrast, Desrosiers et al. (2014) reported maximum diatom growth on submerged plexiglass substrata in tropical oligotrophic marine environments only after a period of 35 days. Although the exponential growth phase generally occurs within the accepted colonization time of 28−35 days, it is the availability of light and nutrients that controls the accrual phase pattern (Biggs, 1996) . This was observed by Casartelli et al. (2016) where higher chl-a concentrations on glass slides in a shallow mesotrophic reservoir during the dry season, in comparison to the wet season, due to high total nitrogen concentrations, water transparency and low rainfall was shown. Since the artificial structure holding the glass slides used during this study was suspended just below the water surface, light was not a limiting growth factor. Therefore, the significant increase in the epilithic algal biomass observed, from 1.5 mg•m −2 (Day 14) to 6 mg•m −2 (Day 21), can be attributed to the increased nutrient availability. Concomitant with the increased nutrient availability, the epilithic diatom community diversity, richness and evenness scores declined due to the increasing prevalence of the dominant species, i.e., Cocconeis placentula var. euglypta. This response was expected because eutrophication often leads to a single species dominating the community due to continuous nutrient inputs (Lemley et al., 2016) . Considered a late colonizer, C. placentula var. euglypta is fast growing, responds well to disturbances and is efficient in taking up nutrients, i.e., is a good competitor for nutrients (Acs and Kiss, 1993; Kralj et at., 2006; Gari and Corigliano, 2007) . Therefore, the epilithic species diversity declined from Day 7 (H ' = 1.2) to Day 28 (H ' = 0.7).
To effectively apply phytoplankton and MPB communities as indicators of change, the scale and timing of the investigation are important considerations. This largely depends on the response time of these communities to anthropogenically induced stresses. Not all ecological indicators are, however, transferable to other ecosystems (Lindenmayer and Likens, 2010) . For this reason, the lack of a relationship between the phytoplankton and MPB communities and nutrients may mean that the factors that constitute loss (i.e. dilution and wind-driven circulation) in the St Lucia Estuary limited the algal growth despite the increased nutrient supply. Consequently, during periods of freshwater inflow, these natural communities are seemingly poor indicators of the agricultural nutrient input to the estuary. Therefore, since the epilithic algae grown on the glass slides were shown to be resilient to the freshwater inflow, the epilithic community was able to respond to the increased nutrient availability, i.e., low species diversity. According to the conceptual model of anthropogenically induced eutrophication in estuaries, changes in microalgal community dynamics (abundance, composition and richness) are a primary eutrophic response (Lemley et al., 2016) . The use of the epilithic algal community grown on glass slides thus proved effective as an indicator of nutrient-induced changes.
While freshwater inflow is important in terms of the introduction of 'new' nutrients into the estuarine lake, it is important to take into consideration that in-situ remineralisation processes, concomitant with low water levels, can also elevate the DIN and DIP availability. For example, during the 2002−2012 dry phase DIN concentrations exceeding 100 µM were observed in False Bay despite the area receiving no freshwater inflow (Perissinotto et al., 2013a) . The continuous supply of DIN via the Mfolozi River inflow may potentially amplify the nutrient availability and subsequent persistence of the cyanobacterial blooms at the onset of the next drought cycle. Adopting an adaptive approach for routine water quality monitoring by using supplementary tools (i.e., artificial substrata) focused on detecting nutrient-induced change is therefore a necessity. This will allow for the timely application of management interventions (e.g., the restoration of parts of the Mkhuze and Mfolozi floodplain and associated wetlands) 
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to mitigate the risk for larger scale and longer-term changes in ecosystem function as observed during the previous dry phase, i.e., simple food web structure in False Bay driven by the Cyanothece bloom (Carrasco and Perissinotto, 2012) .
CONCLUSION
This study demonstrated the efficacy of artificial substrata as a monitoring tool to detect nutrient-enrichment and limit short-term hydrologically induced diatom variability. Both the epilithic algal biomass and diatom community index scores responded to the increased nutrient availability. This contrasted with the response of the phytoplankton and MPB which showed no discernible increase in biomass despite the higher nutrient availability. While the phytoplankton and MPB communities were limited by the freshwater inflow, the dominant diatoms identified still consisted of some nutrienttolerant species, i.e., Cyclotella atomus, Diatoma vulgaris and Nitzschia palea. The increased occurrence of nutrient-tolerant diatom species indicates that small-scale water quality related changes are already taking place in the estuary. However, since the phytoplankton and MPB community structural variables routinely used for monitoring to detect nutrient-induced changes proved ineffective as indicators in St Lucia's current wet phase, the incorporation of epilithic algae grown on an artificial substrate, i.e., glass microscope slides, should be considered as part of the routine water quality monitoring. In addition, given the size of the estuarine lake it is important that future research pertaining to this monitoring tool include the lake basins to test the effectiveness of this method across the entire ecosystem. This potential supplementary monitoring is especially important for Lake St. Lucia because re-establishing the connection with the Mfolozi River was considered key to restoring the health of the St Lucia Estuary (Van Niekerk et al., 2013) , and it is therefore necessary to monitor the impacts of this change on estuarine health.
